We investigated the seasonal occurrence, wet : dry : carbon : nitrogen weight ratios, population biomass, gastric pouch contents, and rates of feeding, growth and respiration of the scyphomedusa Aurelia aurita in the central part of the Inland Sea of Japan. Aurelia aurita medusae began to appear in January/ February as ephyrae, reached annual maximum body size in July/August, and disappeared, presumably due to death, by November. Initial slow growth in early spring was followed by a period of exponential growth (mean growth rate: 0.069 d
I N T R O D U C T I O N
The ecological importance of large gelatinous zooplankton such as cnidarians and ctenophores has been increasingly recognized in marine ecosystems (reviewed by Arai, 1988 Arai, , 2001 Purcell, 1997; Mills, 2001) . Currently there is concern that they are becoming more prevalent in a variety of regions around the world (Brodeur et al., 1999 (Brodeur et al., , 2002 Graham, 2001; Shiganova et al., 2001; Parsons and Lalli, 2002) . Since most of these jellyfish compete with planktivorous finfish by consuming the same food resource such as copepods and are also potential predators of fish eggs and larvae (Möller, 1980) , the increase of their biomass may diminish the fish standing stock and commercial harvest. In addition, large schyphomedusae hamper fishing activities by clogging and bursting trawl nets (Shimomura, 1959; Uye and Ueta, 2004) and cause problems to coastal power plants by blocking intakes for cooling water (Rajagopal et al., 1989) .
In Japanese coastal waters, like many other coastal waters, the moon jellyfish Aurelia aurita is the most common and abundant scyphozoan species (see Dawson and Martin, 2001; Dawson, 2003;  for sibling species of the genus Aurelia), and it is particularly abundant in eutrophic waters such as Tokyo Bay and the Inland Sea of Japan.
In Tokyo Bay, the increase of A. aurita population took place in the 1960s when the bay was heavily affected by industrial and sewage discharge, and at the same time aggregated medusae often clogged the cooling water intakes of coastal power plants (Kuwabara et al., 1969) . The A. aurita population has since become one of the most important zooplankton components (Omori et al., 1995; Toyokawa et al., 2000; Ishii, 2001 ). In the Inland Sea of Japan, however, the increase of A. aurita population became significant only in the last 20 years, being associated with recent increase of the annual minimum temperature, decline of planktivorous fish catch and an increase of polyp-attachment area by water-front constructions (Uye et al., 2003; Uye and Ueta, 2004) . A similar increase may have occurred also in other Japanese embayments such as Ise Bay, middle Japan (Z. Aoyama, Marine Ecology Research Institute, Chiba, personal communication), and Ariaka Bay, western Kyushu (K. Aramaki, a fisherman in Yanagawa, personal communication) , as well as in Korean coastal waters (Kang and Park, 2003) . Hence, it is urgent to elucidate the mechanisms that enhance A. aurita populations and to determine countermeasures to alleviate the negative effects of jellyfish blooms (Yanagawa et al., 2004) . At the same time, it is necessary to assess the ecological impacts of A. aurita upon the food chain structure of the coastal waters.
We conducted both field and laboratory surveys in order to elucidate physiology and ecology of A. aurita medusae in the central part of the Inland Sea of Japan. In this article, we report fundamental information, notably seasonal occurrence, bell diameter and wet weight relationship, chemical compositions, population biomass, gastric pouch contents, digestion times, feeding rates, growth rates and respiration rates. These field and laboratory data were combined to quantify the carbon budget of the field population and assess the predation impact upon their prey zooplankton community.
M E T H O D Seasonal occurrence, biomass and growth rate
The seasonal occurrence of A. aurita was investigated in Kure Port, in the central part of the Inland Sea of Japan (Fig. 1) , weekly from April 1990 to December 1991. Medusae were collected randomly by a scoop net from a pontoon of Kure Marine Station, Hiroshima University, and their bell diameters were measured with a ruler by laying them flat on a plastic tray. Their wet weights were measured by an electric balance.
To determine the seasonal change in biomass of the A. aurita population in Ondo Strait ($10 km south of Kure Port, Fig. 1 ), where the water is often mixed by strong tidal currents, sampling was conducted from January to October 1992. Aurelia aurita were taken from a pontoon platform jutting into the strait during either rising or falling tide, when the current was strong enough ($1-2 m s À1 ) to make a plankton net (diameter: 0.45 m, length: 2.0 m, mesh opening: 0.3 mm, fitted with a Rigosha flowmeter) drift. The net was lowered near the bottom ($17 m) and drifted at 1-5 m depth for 1-5 min before retrieval. The number of medusae in the net was counted and their bell diameters were measured. These procedures were repeated several times until at least 10 medusae were caught (total volume of water filtered: 28-302 m 3 ).
Gastric pouch contents
Taxonomic and numerical compositions of prey ingested by A. aurita were examined for 4-5 medusae collected by a scoop net on 23 occasions in 1991, 1992 and 1998 in the Ondo Strait. To examine whether there is a dielfeeding periodicity, medusae were collected at 3-h intervals on 26 and 27 August 1991. Immediately after sampling and subsequent measurement of the bell diameter, medusae were individually preserved in 10% formalinseawater solution. Later, the gastric pouch was dissected and contained food was removed from the gastric filaments by using a jet of tap water. The gut contents in the wash were retained with a 40-mm sieve and examined under a dissecting microscope. Only copepods were examined in 1998. On each sampling occasion, zooplankton in the water were also collected by towing a plankton net (mouth diameter: 0.225 m, length: 1.5 m, mesh opening: 40 mm (100 mm in 1998), with a Rigosha flow meter) from the bottom to the surface and immediately preserving in 5% formalin-seawater solution. Using previously reported length or volume-weight relationships (Uye, 1982; Verity and Langdon, 1984) , the carbon biomass of the zooplankton community in the Ondo Strait was determined in 1992.
Digestion time
Aurelia aurita were caught with a scoop net, the lower part of which was covered with a canvas, in the Ondo Strait in late May 1992 (surface water temperature: 18-20 C), and transported to Kure Marine Station by containing in 30-L plastic-lidded containers (3-10 medusae per container) filled with the surface seawater of Ondo. To clear the gastric contents, they were placed in buckets containing filtered (Whatman GF/C) seawater for 8 h. Then, they were transferred to 10-L buckets (3-8 medusae per bucket) containing live-stained zooplankters (see below) as food.
Late copepodites and adults of three copepod species (i.e. Acartia omorii, Calanus sinicus and Oithona davisae) and balanid nauplii, which had been collected in Kure Port or Ondo Strait, were sorted and stained live with 1 p.p.m. neutral red seawater solution for 15 min. The stained zooplankters were rinsed with filtered seawater three times before being introduced into the buckets. The initial prey densities were 150-200 individuals L À1 for A. omorii, C. sinicus and balanid nauplii and $1000 individuals L À1 for O. davisae. After A. aurita ingested sufficient amounts of prey so that the gastric pouch stained red (feeding duration: 5-30 min), each medusa was scooped by a plastic dish, keeping the lower side of the bell facing upward. Prey organisms adhering to the tentacles and oral arms were removed by a pipette, and the medusae were placed individually in filtered seawater (1-10 L, depending on medusa size). At 15-min intervals, 1-3 medusae (total: 9-17 medusae per prey type, wet-weight range: 27-112 g) were fixed with formalin and the prey-digestion stages (see Results) were examined. In addition, the effect of medusa body size on the digestion time was examined by using 9-10 medusae of different wet weights (range: 2-390 g). After the predetermined digestion time (60 min for A. omorii and O. davisae, and 135 min for C. sinicus and balanid nauplii, see Results), all the medusae were fixed with formalin and the prey-digestion stages were examined.
In situ feeding and clearance rates
The in situ feeding rate of A. aurita is given by dividing the number of prey items in the gastric pouch by the digestion time (Matsakis and Conover, 1991; Sullivan et al., 1994; Martinussen and Bamstedt, 1995; Purcell, 1997) . To offset the effect of medusa size, we used the wet weight specific feeding rates on small copepods, the major prey zooplankters (see Results): 
where WSFR is weight specific feeding rate (copepods g À1 of wet weight h -1 ), GC is gastric pouch content (copepod number), DT is digestion time (h) and WW is wet weight of a medusa (g). The weight specific clearance rate is given:
where WSCR is weight specific clearance rate (m 3 g -1 of wet weight h -1 ) and CA is ambient copepod abundance (copepods m -3 ).
Respiration rate
Measurements of the respiration rate were conducted in two different periods ( July-August 1991 and May-June 1992). Aurelia aurita were caught with a canvas-covered scoop net in the Ondo Strait and transported to Kure Marine Station. They were placed in buckets containing filtered (Whatman GF/C) seawater for 2 h at ambient temperatures for acclimation. Then, they were individually transferred into various-sized polyethylene containers with filtered seawater (volume: 5-20 L). As depicted in Fig. 2 , a guard net was placed and liquid paraffin was decanted to cover the surface with 1 cm thickness to prevent the introduction of oxygen from the air. The experiments ran for 8 h under darkness at temperatures of 28 AE 1 and 20 AE 1 C in 1991 and 1992, respectively. Controls containing no medusa were also prepared. In addition, containers with nitrogen gas purged filtered seawater (oxygen saturation: 51-74%) were prepared to examine the sealing effect of the paraffin. Dissolved oxygen concentrations at the start and end of the experiments were determined by using the Winkler-titration method (Strickland and Parsons, 1972) . After the experiment, wet weights of medusae were measured.
Dry weight and carbon and nitrogen contents
Dry weights were determined for medusae collected in Kure Port in June 1998. Weighing was done by an electric balance for specimens after drying in an electric oven at 60-65 C for 4-6 days until constant weight was gained. Dried samples were pulverized in a mortar with pestle, and the carbon and nitrogen content of 15-22 mg aliquots were analyzed using a CHN analyzer (Yanagimoto, MT-3) with antipyrine as the standard.
R E S U L T S Bell diameter-wet weight relationship
Wet weight of A. aurita increased exponentially with the increase of bell diameter ( where WW and BD are wet weight (g) and bell diameter (cm), respectively. In the following sections, the wet weight of A. aurita was determined from equation 3, except for those measured directly.
Dry weight and carbon and nitrogen contents
Dry weight and carbon and nitrogen contents were measured for 14 A. aurita weighing from 32.3 to 223 g wet weight. Mean dry weight as a percentage of wet weight was 3.6% (SD = 1.3%), and mean carbon and nitrogen weights were 3.7% (SD = 1.2%) and 1.0% (SD = 0.3%) of dry weight, respectively. There was no significant size-dependent difference in these relative weights. Hence, the average wet : dry : carbon : nitrogen weight ratio of A. aurita was 100:3.6:0.13:0.035.
Seasonal occurrence, growth and biomass
The surface (1 m depth) water temperature varied from 9.3 to 29.6 C and the salinity was usually >30 with occasional decrease (minimum: 23) after heavy rain. Since the number of A. aurita caught on each sampling date was often <10, especially in Kure Port, the bell diameters were averaged for biweekly pooled specimens (Fig. 4) . In Kure Port, A. aurita appeared in April and persisted until September in 1990. In 1991, they occurred from February to November. A similar seasonal occurrence was found in the Ondo Strait in 1992, but they disappeared in October.
Both bell diameter and wet weight increased slowly until April and then rapidly to reach the annual maximum in July (Fig. 4) . The body size was stable until the end of August, and it decreased thereafter. Mean bell diameter during July and August was 27.3 cm (SD = 4.0 cm) for 1990, 24.2 cm (SD = 4.2 cm) for 1991 and 16.4 cm (SD = 4.7 cm) for 1992, being significantly (P < 0.05, t-test) different among years.
The average growth rate (g d -1 ) during the exponentially growing period between mid-April and mid-July (i.e. for 90 days) was calculated by using the mean wet weights in April and July (WW Apr and WW Jul g):
It was 0.076, 0.049 and 0.083 d -1 for 1990, 1991 and 1992, respectively. Despite attaining a smaller body size, the growth rate in 1992 was the highest, because of smaller initial size in April compared to that in 1990 and 1991.
Wet weight biomass of A. aurita population in the Ondo Strait was extremely low (<1.0 g m -3 ) until the end of April and increased rapidly to attain an enormous peak (191.7 g m -3 ) in early July (Fig. 4) . The biomass declined sharply in August The mean biomass between May and early August was 50.8 g m -3 .
Gastric pouch contents
The examination of the food contents of 71 medusae revealed that almost all micro-and mesozooplankton taxa were ingested (Table I) . Copepods (copepodites and adults) and balanid nauplii were numerically the most important prey, attributing, on average, 34.0 and 31.0%, respectively. Of the copepods, O. davisae was always the overwhelming dominant. Total prey numbers increased with increasing medusa wet weight (Fig. 5) . The highest prey number of 8289 was recorded for a 1260 g wet weight medusa caught on 27 August 1991.
Diel-feeding periodicity
The feeding activity of A. aurita (wet weight: 115-1260 g) was expressed as weight specific prey abundance (WSPA, prey g -1 of wet weight). The mean at each sampling time varied from 2.3 to 5.6 prey g -1 of wet weight, with overall mean of 3.8 prey g -1 of wet weight (Fig. 6) . One-way ANOVA revealed that there was no significant (P > 0.05) temporal difference, indicating that the feeding of A. aurita is continuous throughout the day.
Digestion time
Based on microscopic observation of prey organisms in the gastric pouch after different times of digestion, the degree of digestion was classified into four stages as described below:
Stage A: >90% of prey intact and the prey having clear neutral red color.
Stage B: 10-50% of prey digested and the prey having slightly faded color.
Stage C: >50% of prey digested and neutral red being transferred to medusa's gastric filaments.
Stage D: 100% of prey digested, only carcasses remaining and neutral red being transferred to radial canals.
The digestion stages advanced with time as shown in Fig. 7 , although there were some individuals with Stage D came at earlier times than those with Stage C, owing to somewhat long (i.e. 5-30 min) feeding duration. We assumed the time required for reaching Stage C as the digestion time, i.e. it was 60 min for A. omorii and O. davisae and 135 min for C. sinicus and balanid nauplii.
The prey-digestion stages were also examined for various body-sized medusae preserved after the abovementioned digestion times (Fig. 8) . The median digestion stage was Stage C for each prey and there was no discernible difference in the digestion stage with medusa size.
In situ feeding and clearance rates
According to equation 1, the weight specific feeding rate on small copepods (excluding large C. sinicus late copepodites and adults) was calculated on each sampling occasion, assuming that the digestion time was 60 min. It increased linearly with the increase of copepod density (S, copepods m -3 ) (Fig. 9 ), as expressed:
The weight specific clearance rate was apparently higher at lower-food densities but remained constant (mean: 0.21 L g -1 of wet weight h -1 ) at densities >3.5 Â 10 3 copepods m -3 (Fig. 9) .
Respiration rate
The increase in dissolved oxygen concentration of 51-74% saturation-level seawater without A. aurita was at most 1.3% of the initial concentrations (mean = 0.8%, SD = 0.4%, n = 7). This amount of oxygen increase was negligible, since A. aurita usually respired from 15 to 30% of the initial oxygen concentration. At 28 C, the respiration rates of A. aurita (wet weight: 78-1330 g) were expressed by the following allometric equation:
where R is respiration rate (ml O 2 medusa -1 d -1 ) and WW is wet weight of a medusa (g). At 20 C, the respiration rates (wet weight: 11-885 g) were expressed as:
To combine the results from these two experiments to offset the temperature effect, the rates obtained at 28 C were converted to those at 20 C by using the Q 10 value. The Q 10 value was calculated for a medusa of 482 g (the median wet weight of medusae overlapping in both experiments) as 2.80. As depicted in Fig. 10 , a composite relationship which covered the wet weight of medusae from 11 to 1330 g was given as:
The 95% confidence interval of the exponent ranged from 0.962 to 1.110, which means that the weight specific respiration rate of A. aurita is independent on body weight. Hence, the respiration rate can be defined as functions of temperature (T C) and medusa wet weight: 
D I S C U S S I O N Population biomass and growth rate
Similar to the pattern found in many temperate waters (Yasuda, 1983 , Lucas, 2001 ), release of ephyrae of A. aurita from benthic polyps occurred in January and February and the medusa population was at a maximum during summer in Kure Habor and Ondo Strait. However, the time of disappearance varied annually (i.e. September in 1990 and November in 1991). Overwintering medusae are commonly found in Urazoko Inlet, Middle Japan (Yasuda, 1983) and in Tokyo Bay (Omori et al., 1995) , but no medusae overwintered during our study period (see Uye and Ueta, 2004) . The growth pattern of A. aurita was similar in each year. The growth was slow in early spring, accelerated during the period from April to July, due to elevated temperature (from $15 to $25 C) and probably food , (Lucas, 1996) , (Schneider, 1989a) ]. In 1992, in spite of higher growth rates, the annual maximum body biomass (223 g wet weight) was much smaller compared with that in 1990 and 1991 (958 and 679 g wet weight, respectively). The numerical density, perhaps population biomass as well, of medusae appeared much higher in 1992, since it took much less time (<30 min) to sample 10-20 medusae by a dip net in 1992 compared to the time (usually >1 h) in 1990 and 1991. Hence, the smaller final size may reflect food shortage in midsummer of 1992 and the resultant higher-intraspecific competition. Such an inverse relationship between final medusa size and numerical density has been demonstrated for A. aurita in the Kiel Bight (Behrends and Schneider, 1995; Schneider and Behrends, 1998) and for multiple populations from various localities (Lucas, 2001) .
Measurement of the population biomass of A. aurita by means of conventional net towing is often unreliable because of their patchy distribution (Omori and Hamner, 1982) . Due to strong tidal currents in the Ondo Strait, a relatively homogeneous distribution of A. aurita was expected. Hence, we assumed that the biomass values obtained in the Ondo Strait might represent the average biomass of A. aurita population distributed around our sampling station. Using the carbon to wet weight conversion factor of 0.0013, mean carbon biomass of A. aurita between May and early August, 1992, was 66.0 mg C m -3 , indicating that A. aurita overwhelmingly dominated the zooplankton community since mean biomass of net zooplankton was 23.7 mg C m -3 . Similar or much higher A. aurita biomass values were reported elsewhere [range: 30.2-710 mg C m -3 , summarized by (Lucas, 2001) ], indicating that the biomass encountered in the Ondo Strait is not unusual.
Population-feeding rate
The digestion time varied from 60 min for A. omorii (body carbon weight: 2.5-4.2 mg C) and O. davisae (0.2 mg C) to 135 min for C. sinicus (38-53 mg C) and balanid nauplii (0.5-1.0 mg C). Hence, the digestion time is not correlated to prey-individual weight, but probably to their exoskeleton hardness. We observed that stouter-bodied copepods such as Corycaues affinis (1.8 mg C) and Oncaea venusta (1.1 mg C) needed >3 h to be digested. Since the digestion times determined at intermediate temperatures (i.e.18-20 C) were unaffected by A. aurita body weight (Fig. 8) and the feeding was continuous throughout the day (Fig. 5) , the use of the abovementioned digestion times to compute the feeding rates of natural medusa populations might be reliable. Field-collected A. aurita fed on almost any available micro-and mesozooplankton (Table I) , among which small copepods were apparently the most important food in terms of carbon ingestion rate. Båmstedt (Båmstedt, 1990 ) examined the predation rate of A. aurita at various concentrations of mixed mesozooplankton (200-500 mm) in the laboratory by using a bottle-incubation technique and obtained a positive linear correlation between predation rate and food concentration. Our predation rates and prey concentration data were derived from the field, yet the functional response of A. aurita on small copepods in the Ondo Strait was the same as the results from the laboratory experiments. Most likely this was due to homogeneous distribution of both medusae and prey organisms by strong tidal mixing in the strait. The weight specific feeding rate increased linearly and was never saturated under natural food conditions, while the weight specific clearance rate was constant except at very low copepod densities (Fig. 9) . The carbon biomass of micro-and mesozooplankton retained by a 40-mm mesh plankton net varied from 12.0 mg C m -3 to 60.4 mg C m -3 with a mean of 23.7 mg C m -3 during the period from May to July, 1992, in the Ondo Strait. Taking a constant weight specific clearance rate (0.21 L g -1 of wet weight h -1
) and assuming 100% capture efficiency within the cleared water, the weight specific carbon ingestion rates of A. aurita ranged from 2.52 to 12.7 mg C g -1 of wet weight h -1 (mean: 4.97 mg C g -1 of wet weight h -1
). Using the carbon to wet weight conversion factor, these corresponded to carbon specific daily rations from 4.7 to 23.4% (mean: 9.2%).
Ishii and Tanaka (Ishii and Tanaka, 2001 ) employed the same method to estimate in situ feeding rates of A. aurita in Tokyo Bay, where small copepods such as O. davisae dominated. They found that mean digestion time was 57 min for small copepods and the daily ration ranged from 0.58 to 5.56%. Båmstedt (Båmstedt, 1990) reported from laboratory experiments, where food concentrations were greater than $50 mixed mesozooplankters L -1 , that daily ration of A. aurita increased to $20%. When larger (>1000 mm) mesozooplankters were given as food, the daily rations exceeded >250% (Båmstedt et al., 1994) . Hence, A. aurita are capable of ingesting more than their body carbon weight per day under excess food condition.
Population respiration rate
In allometric relationship (see equation 8), our experiment demonstrated that the exponent was near 1.0. However, previous workers reported slightly lower exponents [i.e. 0.92 and 0.91 at 10 and 15 C, respectively (Larson, 1987) , and 0.94 at 13-18 C (Schneider, 1989a) ]. The exponents near 1.0 have been commonly obtained for many ctenophore species (Kremer, 1977; Kremer et al., 1986; Uye and Kasuya, 1999; Kasuya et al., 2000; Finenko et al., 2001) . Like the ctenophores, the weight specific respiration rate of our A. aurita is almost constant at a given temperature at least for medusae from 11 to 1330 g wet weight. Since temperature effect is also incorporated, the respiration rates of field A. aurita population at different temperatures can be calculated from equation 9.
Based on the respiration rate, the weight specific minimum food requirement can be estimated as:
where WSMFR is weight specific minimum food requirement (mg C g -1 of wet weight d -1
), k is constant (0.536 mg C ml -1 O 2 ), RQ is respiratory quotient [assuming 0.85 due to protein-dominated metabolism of A. aurita, (Schneider (1989a,b) ], A is assimilation efficiency [assuming 0.8, (Schneider 1989a)] and WW is wet weight of a medusa (g). WSMFR was calculated as 0.0330, 0.0552 and 0.0923 mg C g -1 of wet weight d -1 at 15, 20 and 25 C, respectively. These corresponded to 2.5, 4.2 and 7.1% of medusa carbon weight, respectively.
Population carbon budget
Using physio-ecological parameters obtained above, we attempt to construct the carbon budget of the A. aurita population in the Ondo Strait in early summer of 1992. We assume a representative population condition with biomass of 66.0 mg C m -3 (mean between May and early August) and specific growth rate of 0.083 d -1 (mean between mid-April and mid-July), and environmental condition with temperature of 20 C and net-zooplankton biomass of 23.7 mg C m -3 (mean between May and July). As depicted in Fig. 11 ). Other expenditure such as for nematocyst, sperm, ova and mucus production (Hansson and Norman, 1995) is also conceivable, although no quantification is possible. On the other hand, the population feeding rate is predicted as 6.07 mg C m -3 d -1
, indicating that food supply in the Ondo Strait is sufficient to sustain the observed growth rate of A. aurita.
As temperature increases to >20 C, the metabolic demand accordingly increases. Since Purcell (Purcell, 1997) found that the digestion time decreased with increasing temperature, the population feeding rate may also be accelerated. However, in Kure Port and adjoining Hiroshima Bay, micro-and mesozooplankton biomass usually show a seasonal decrease from an early summer peak to a midsummer recession (Uye, unpublished data; Uye et al., 1992; Nagano and Uye, 2002) . Thus, it is likely that the feeding rate does not keep pace with the increase of metabolic demand. In addition, liberation of matured ova (i.e. planulae) is culminated in midsummer. Therefore, the somatic growth ceases in midsummer.
The above estimate reveals that the A. aurita population consumes, on average, 26% of net-zooplankton biomass per day. This removal must be balanced by zooplankton production rate, as the average daily production rate to biomass in June in the Inland Sea of Japan was reported to be $27% for copepods and 72% for microzooplankton (Uye et al., 1996; Uye and Shimazu, 1997) . When the maximum population biomass (249 mg C m -3 ) occurs, this predation rate increases up to 98% of net-zooplankton biomass. These rates suggest that the predation impact of A. aurita upon the micro-and mesozooplankton community around the Ondo Strait was significant in early summer of 1992. Although we stopped the intensive seasonal survey of A. aurita after 1992, later sporadic examinations show that in recent years (e.g. 1999 and 2001 ) the medusa population occurred at higher biomass than encountered in 1992. A poll survey of fishermen shows that 70% of respondents answered that the A. aurita population increased in the last 10 years (i.e. 1993-2002) in Hiroshima Bay (Uye and Ueta, 2004) . Further, large numbers of overwintering medusae were observed for the first time in 1999-2000 winter in the Ondo Strait (Uye, 2002) . These indicate that the A. aurita population has become more dominant in the zooplankton community in the last 10 years in the Ondo Strait and adjoining Hiroshima Bay, and hence their impact upon the food chain structure may be even more significant in recent years than revealed in the present study.
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